abstract OBJECTIVE: To determine the practice variance, prevalence, and economic burden of clinically diagnosed gastroesophageal refl ux disease (GERD) in preterm infants.
Practice Variance, Prevalence, and Economic Burden of Premature Infants Diagnosed With GERD (Continued on last page)
Gastroesophageal refl ux is frequent in thriving infants, 1 and gastroesophageal refl ux disease (GERD) is also common in infants with feeding problems. [2] [3] [4] The distinction between gastroesophageal refl ux and GERD in the premature infant in the NICU remains imprecise because of the heterogeneity and nonspecifi city of aerodigestive and physical symptoms. Thus, physicians frequently clinically diagnose GERD in infants with symptoms of apnea, arching, and irritability; acute life-threatening events; chronic lung disease; congenital anomalies; and dysphagia. 5, 6 There is no clearly defi ned, accurate diagnostic method for GERD among premature infants, nor is there a consensus regarding therapeutic strategies. The prevalence and magnitude of symptoms that are clinically associated with GERD are unclear. Consequently, prolonged length of stay (LOS) and an increase in economic burden can be expected. [7] [8] [9] These outcomes are likely to result in variable practices related to feeding methods and managing GERD. Although safe oral feeding competency before discharge is critical, 10 refl ux-type aerodigestive symptoms contribute to extended LOS resulting from delays in feeding skills.
The current study was undertaken to: (1) estimate the prevalence of GERD diagnosis among preterm infants in freestanding children's hospital NICUs in the United States; (2) determine associated comorbidities and demographic factors; and (3) estimate the extent to which a GERD diagnosis is associated with additional resource utilization.
METHODS

Study Design and Data Source
The current study was a retrospective cohort study of premature infants ≤36 weeks' gestational age (GA) admitted to 33 freestanding US children's hospitals participating in the Pediatric Health Information System (PHIS) administrative database of the Child Health Corporation of America. Hospitals were selected that included detailed information for each patient hospitalization, including demographic characteristics, diagnoses, medications, and procedures. Data are accepted into PHIS only when classifi ed errors occur in <2% of a hospital's quarterly data.
The infants included in this study were admitted to participating NICUs from January 1, 2007, until December 31, 2010. We excluded term infants (≥37 weeks' GA), infants at the limit of viability (<22 weeks' GA or birth weight <400 g), infants with data for age missing at admission or if their age at admission was >30 days, and infants who were missing the PHIS acuity score. In total, there were 18 567 unique admissions.
Patients were counted as having a GERD diagnosis if they had an International Classifi cation of Diseases, Ninth Revision (ICD-9) code of 530.81. To characterize the severity of the preterm infants' health problems at NICU ad mission, and presumably before the development of GERD, we created a set of variables based on ICD-9 codes. Up to 21 ICD-9 codes were reported for each infant. We ignored all codes that were recorded for <5 infants, because any effect that they might have on the development of GERD would be extremely uncommon. From the remaining codes, conditions were selected that were most likely to have started before the infant's NICU admission. The selected codes were grouped into 25 diagnostic categories based on a consensus among 4 neonatologists and used as predictors of having a GERD diagnosis in the propensity score estimation. These predictors included birth trauma, major cardiac anomalies, congenital diaphragmatic hernia, craniofacial anomalies, obstetric risks or delivery complications, congenital dermatologic problems, in utero drug exposure, congenital endocrine problems, hematologic disorders, infant hypoxia, congenital immune problems, infant distress or malnutrition, infant or maternal exposure to infections, maternal risk factors, multiparous pregnancy, congenital musculoskeletal problems, congenital neurologic problems, congenital ophthalmologic problems, patent ductus arteriosus, congenital renal problems, congenital reproductive system problems, congenital airway and lung anomalies, congenital urinary problems, noncardiac vascular anomalies, and congenital gastrointestinal defects. Independent evaluations of the association of bronchopulmonary dysplasia (BPD) and necrotizing enterocolitis (NEC) with a GERD diagnosis were conducted. These illnesses, which often present later during the NICU hospitalization, are associated with increased mortality and high morbidity in preterm infants, and they independently affect cost and LOS. [11] [12] [13] The cost of each admission was measured by using the hospital-specifi c ratio of cost to charge (RCC) estimate for the total cost of the stay (as calculated by PHIS). These cost estimates do not include physician charges.
The Nationwide Children's Hospital institutional review board determined that this study was not human subjects' research.
Statistical Analysis
All analyses were conducted by using R (R Foundation for Statistical Computing, Vienna, Austria; http://www. r-project.org/) and Stata 11 (StataCorp, College Station, TX). We estimated the prevalence of diagnosed GERD in this population, and we used multivariate logistic regression methods to identify demographic and diagnostic covariates that were associated with the diagnosis of GERD. We included in the equations all of the variables that were signifi cantly associated with a GERD diagnosis in the bivariate analyses. The regression included a random intercept for NICUs to account for variation across NICUs in diagnostic practices concerning GERD, as well as unmeasured patient factors associated with local populations that might have infl uenced the prevalence of a GERD diagnosis. We then calculated the average total charges, LOS, and total charges per hospital day for patients with and without GERD. Because GERD patients differ from non-GERD patients on many variables, the differences in total charges and LOS associated with the GERD diagnosis were re-estimated, adjusting for a propensity score estimated from the multivariate logistic regression equation for the occurrence of GERD (Stata function psmatch2). Patients with a GERD diagnosis were compared with kernel-weighted averages of patients without GERD (analyses according to Mahalanobis matching produced similar results).
RESULTS
Demographic Characteristics and Prevalence of Clinical GERD
An ICD-9 code indicating a diagnosis of GERD was reported for 1907 (10.3%) preterm infants (95% confidence interval [CI]: 9.8-10.7). Rates of GERD diagnosis in preterm in fants varied dramatically across NICUs (Fig 1) , from 2.4% to 29.9% (χ 2 [32] = 574.6, P = .000). Table 1 presents the associations between the GERD ICD-9 code and demographic characteristics of patients. GERD was diagnosed more commonly in patients admitted with an age >7 days, in patients with lighter birth weights, in patients aged 28 to 33 weeks at birth, and in non-Hispanic patients. Table 2 presents the diagnoses of conditions that were likely to have characterized the infant on admission to the hospital and that were signifi cantly associated with the GERD diagnosis. In addition, patients with GERD had a higher acuity score (mean: 23.3) than patients without the diagnosis (mean: 13.5; P = .000). Table 3 shows that BPD and NEC were independently associated with a diagnosis of GERD. GERD diagnosis was associated with stages I and II NEC (medically treated) and perforated NEC (stage III) requiring surgery. Table 4 presents the average RCCadjusted cost per admission, LOS, and cost per hospital day for patients with or without ICD-9-diagnosed GERD. According to these estimates, GERD patients stayed in the hospital longer than other patients, and their NICU hospitalizations were more expensive. However, the daily cost of caring for a patient with GERD was slightly less than a patient without GERD.
Resource Utilization: LOS and Total Charges
We computed estimates of the additional cost of care and LOS associated with the GERD ICD-9 code, using propensity scores to match GERD and non-GERD patients. The estimated additional RCC-adjusted cost associated with GERD was $70 489 (95% CI: 62 184 to 78 794) per hospitalization. A patient with GERD had an estimated 29.9 additional days in LOS (95% CI: 27.3 to 32.5). In addition to the longer LOS, GERD patients had lower mortality than other patients. Mortality during the NICU stay was 7.9% for non-GERD patients but only 1.4% for GERD patients (P < .001). GERD patients cost $556 less per day than similar non-GERD patients (95% CI: -640 to -472).
DISCUSSION
Based on refl ux-type aerodigestive symptoms, clinical suspicion and diagnosis of GERD are common across the neonatal age spectrum, although the literature has been unclear about the defi nition, prevalence, diagnostic, and management approaches among NICU premature infants. From the current study, we came to 5 conclusions. First, 1 of 10 patients from this large group of NICUs at freestanding www.hospitalpediatrics.org children's hospitals received a diagnosis of GERD according to ICD-9 code. Second, the GERD diagnosis was independently associated with several factors present at birth. The design of the study means that these associations are not necessarily causal. Third, the diagnosis of GERD was associated with substantially reduced mortality risk. The greater mortality in non-GERD patients may be related to extreme immaturity or illness, such that these infants never survived to experience GERD. At an earlier age or during more critical states, premature infants may have their airway and esophagus protected and/or bypassed by using ventilation methods and gavage tube-feeding strategies, or they may be on limited or no enteral feeding volumes. Thus, such infants may have less gastric volumes to cause distention-induced refl ux. In contrast, GERD diagnosis was also associated with 2 important chronic morbidities, BPD and NEC. Fourth, a GERD diagnosis was associated with a difference of more than $70 000 in the cost of an NICU admission. This estimate was conservative because it excluded physician costs. Finally, admissions with a diagnosis of GERD cost more because the infants stayed ~30 days longer in the NICU.
The prolonged LOS in the GERD group may be attributable to severe comorbidities or the presence of refl ux-type aerodigestive symptoms. The prolonged LOS for infants diagnosed with GERD is consistent with previous single-center studies that found infants who had GERD symptoms had longer LOS by 12 to 29 days. [14] [15] [16] Notable among such symptoms are cardiorespiratory events, gagging, arching, and feeding problems. 3, 4, 17 These symptoms may occur because premature infants may refl ect differences in the culture of management of these problems rather than variation in the prevalence of GERD. It is therefore important to develop diagnostic criteria for GERD based on objective measurements or clinical risk scores.
We speculate that prolonged LOS may be related to persistent aerodigestive symptoms, growth problems, and feeding diffi culties. Our clinical impression is that many infants spend extended periods in the NICU simply waiting for the resolution of problems associated with GERD and the developmental achievement of normal feeding milestones.
Interventions that rapidly and effectively address GERD could signifi cantly modify practice vari ability and lower LOS and related costs for both families and society. Alternatively, the use of acid-suppressive pharmacologic agents is not effective and is associated with complications, such as NEC, bacteremia, urinary tract infections, and pneumonia. 21, 22 These complications may also contribute to the increased LOS.
GERD may be frequently overdiagnosed and overtreated in preterm infants, and its real prevalence remains unknown. 20 Such therapeutic applications are controversial, and long-term consequences of acid-suppressive therapies in the absence of pathologic GERD can be deleterious. A recent multicenter, a Differences between GERD and non-GERD patients on each measure were statistically signifi cant according to unequal variance t tests (P < .001). b Differences in cost and cost per day were also statistically signifi cant in log-transformed units.
have immature and maladaptive motility mechanisms and are fed a larger volume per kilogram of body weight. 18 Therefore, it is likely that prolonged hospitalization of infants diagnosed with GERD may be related to delayed adaptation to esophageal provocation from gastroesophageal refl ux events.
In a single-center study in 1998, the difference in total hospital charges for premature infants with clinically signifi cant GERD was nearly $50 000, which, if adjusted for infl ation, is similar to the $70 000 difference reported in our study.
14 GERD was actually diagnosed less in the 22-to 24-week GA infants than it was in the 25-to 28-week GA infants. It is likely that the former group, in which most deaths occur in the fi rst month of life, did not survive long enough to be fed and display the resulting refl uxtype symptoms. Moreover, the most premature infants are more likely to have other diagnoses that could be given higher priority by medical coders such as BPD, apnea of prematurity, intraventricular hemorrhage, or hydrocephalus, which could also explain our fi nding of an association between lower mor tality and a diagnosis of GERD. Alter natively, these fi ndings may be due to a prematurity-associated decrease in acid production, failure to recognize nonacid gastroesophageal refl ux events, or simply a failure to diagnose GERD in tiny infants. If the latter is true, we may have underestimated the prevalence of GERD diagnosis.
Our fi nding of a 13-fold range across hospitals in rates of GERD diagnosis raises the question of whether all the infants identifi ed in this study as having GERD had true pathologic GERD (Fig 1) . This hospital variability and uncommon use of specifi c diagnostic procedures suggest that providers were using many different criteria to make the diagnosis, and this wide variation is consistent with that found regarding the diagnosis and treatment of GERD reported in previous studies. 19, 20 The 13-fold difference in GERD diagnosis rates across various centers www.hospitalpediatrics.org prospective cohort investigation found an association between ranitidine use in infants with a birth weight <1500 g and increased mortality, infections, and NEC. 22 Because ∼10% of NICU patients received a diagnosis of GERD, there is a large population that could participate in randomized controlled trials to test novel diagnostic and therapeutic strategies. Further studies are needed to elucidate whether symptoms of refl ux are part of a neonate's normal functioning or if they are disease based; until then, the defi nition of true GERD and its treatment will remain controversial.
The study has several limitations. There was wide variation among centers, suggesting that the use of the GERD diagnosis is often subjective. Clearly, there needs to be a standardized method of diagnosing and managing GERD in the NICU. Unfortunately, there is no consensus on standardized testing for GERD or of its therapies in NICU infants.
Our estimate of the annual additional national NICU costs associated with a GERD diagnosis was based on data from freestanding children's hospitals. Cost differences were likely confounded by interprovider practice differences, intrinsic patient differences, and center differences. Children in these hospitals may have been more severely ill than similar premature children cared for at other institutions. If so, this factor may have led us to overestimate the cost associated with GERD. However, because physician costs were not included in PHIS, cost estimates presented here were likely understated.
Finally, because the children's hospitals in the PHIS database are usually not delivery centers, the patients in our cohort may have been referred for specialty care and thus may not be representative of all premature infants but rather representative of sicker premature infants and those with multisystemic problems. Despite these limitations, our investigation had multiple strengths. The use of the PHIS database provided us with a large, heterogeneous, multicenter sample of patients with GERD. To the best of our knowledge, our study is the fi rst multicenter report on the prevalence and associated cost of a GERD diagnosis in preterm infants. This article provides insight into the providers' perception of GERD and treatment options in NICUs.
CONCLUSIONS
There was a 10.3% prevalence of ICD-9-diagnosed GERD in this multicenter cohort of premature infants in the NICU. These infants required ∼30 additional days of NICU care compared with similar infants without GERD, at an additional cost per admission of more than $70 000. This increased GERD-associated LOS may be related to the maturational changes in the development and adaptation to esophageal provocation during gastroesophageal refl ux events. Such shortcomings underscore the need for better diagnostic methods and for treatment plans based on objective evidence. Interventions that rapidly and effectively address GERD should be sought to reduce LOS, with both its emotional cost to families and fi nancial cost to society.
